Introduction
Telehealth is the use of technology to allow communication of information between patient and care-provider whilst the patient is outside the clinical environment, e.g. in their own home. The range of telehealth is broad, from the monitoring of blood glucose levels in diabetics who provide measurements from home, to patients of mental illness receiving therapy treatment online. It can allow low-cost monitoring of the patient's condition, which reduces demands on hospital resources and staff. Implementation of an effective telehealth intervention therefore has the potential to lead to improved patient care and improved efficiency in health care, which has been demonstrated in various studies [1] [2] [3] [4] . However, widespread implementation of telehealth faces barriers due to a lack of strong, valid evidence of its benefits. This lack of evidence is discussed in Ekeland et al's systematic review of reviews, which examined up to 80 telehealth reviews in two separate papers [5, 6] . According to their findings, telehealth literature suffers from several flaws. Firstly, many of the trials carried out are too small, lacking the power to find a benefit over standard care. Second, a lack of consistency in endpoints in the literature makes it difficult to consolidate evidence. Further, there is a belief that clinical effectiveness alone is not sufficient evidence for implementing a telehealth system. Some reviews call for studies to include technical, ethical and organisational effects, including direct and indirect costs to patients and care-providers. Lastly, several reviews discuss the heterogeneity that can exist in patient responses to the same telehealth intervention, contributing to inconsistency in the evidence base. There is a lack of knowledge about why some people respond or comply well with a telehealth programme but others do not. Suggested explanations can be as objective as the patient's specific type of illness, or as subjective as the patient's personal sense of motivation. Reviews recommend exploring reasons for varying response and compliance if the telehealth intervention is to be successful. It may be possible to address the criticisms and issues discussed in reviews of telehealth through appropriate trial design. Ekeland et al. [6] discuss methodology used in telehealth studies, and recommend standard randomised controlled trials as the most rigorous option of trial design. In this paper we argue that the evaluation of telehealth interventions could benefit from expanding this usual approach to include adaptive trial designs. The potential advantages of adaptive designs in drug trials have been examined in several places in the literature [7, 8] . The aim of this paper is to introduce adaptive designs in the context of telehealth, taking into account the specific challenges that may arise when evaluating telehealth interventions.
Adaptive designs
An adaptive design is one in which new decisions can be made about the design or progress of the trial, once the trial is already underway. This is in contrast to standard, nonadaptive designs, in which all aspects of the trial are fixed beforehand and remain fixed throughout. The changes made in an adaptive trial are based on interim analyses of the data observed so far. Examples of changes that may be made are: stopping the trial early if efficacy or futility has already been demonstrated; changing the endpoint or objective of the study, and; re-estimating the sample size. Potential changes are usually considered beforehand and incorporated into the design stage of the study, so that if these changes do need to be made, any increase in resources required is known in advance. At the end of the trial, the final analysis includes all patients recruited since the beginning of the trial. Thus the patients observed in the early stages contribute to optimising the remainder of the trial, as well as to the final analysis. Adaptive designs have the potential to improve efficiency, power, flexibility and ethical value of a trial. So far, however, the potential of adaptive designs in telehealth studies has not been explored. We confirmed this by performing a literature search, the results of which can be seen in Table 1 . Search terms for telehealth were chosen based on the range of terminology discussed in a recent review [9] , and the remaining search terms were words likely to be used when describing methodology of an adaptive design. Of 156 results returned, most were found to be irrelevant upon reading their abstracts. Of the rest, some used adaptive designs but the intervention was not considered a genuine telehealth system, while others studied genuine telehealth systems and made changes at some point in the trial, but the changes did not affect the overall study design and were not considered adaptive in the strictest sense. The literature search, therefore, revealed a research gap for adaptive designs in the context of telehealth.
In the remainder of this paper, we will review the issues that can arise in telehealth trials and suggest how adaptive designs could be used to address those issues. Generally, our suggestions are made in the context of improving randomised controlled telehealth trials. Single-arm intervention trials are typically only suitable when substantial information is available on outcomes in individuals without the intervention. However, if such a scenario existed for a telehealth intervention, then many of the following adaptive designs could still be applied in a single-arm study. Similarly, adaptive designs may be useful for observational studies or other types of experiment.
Uncertain parameters
When planning a standard, fixed-sample randomised controlled trial, the parameters used to compute the required sample size include the desired power and type I error rate and the value of the intervention effect that would be clinically relevant (the clinically relevant effect, CRE). Also required is a measure of uncertainty in the outcome, which will be different depending on the type of outcome being evaluated. For example, for continuous outcomes the standard deviation of the outcome is required, for binary outcomes it is the probability of success without the intervention, or for survival outcomes it is the event rate. In a telehealth trial, the CRE and the uncertainty in the outcome can be difficult to estimate in advance. They may be difficult to obtain due to the expense of running a pilot telehealth trial. Further, in a drug trial, clinicians may be able to refer to previous, similar trials to help form an estimate of the parameters in their data. For telehealth, however, similar studies rarely exist and it is difficult to estimate the potential impact a telehealth system may have. Telehealth interventions can be complex and the underlying mechanisms which lead to successful outcomes may not be as well understood as the physiological mechanisms that contribute to successful drug treatments. Misspecification of parameters in a sample size calculation will result in a sample size that is under-or over-estimated. This will lead to inefficient scenarios in which there are too few patients and so not enough power to detect the desired intervention effect, or too many patients, which is unnecessarily expensive. There are several options of adaptive design in which an interim analysis takes place after some data has been observed. This allows the previously estimated parameters to be adjusted according to the new information.
Sample size review
A sample size review allows the opportunity to recalculate the sample size at an interim stage of the study, either at a prespecified time, or after a pre-specified number of patients has been observed. Interim data, i.e. the data collected so far, is used to estimate the parameters of the data and these are used in a new sample size calculation. Subsequent recruitment plans are adjusted to reflect the new sample size, and so the trial achieves the desired power and type I error rate. Various methods of sample size re-estimation exist, including procedures to avoid unblinding and procedures using conditional power. Gould [14] discusses these methods, along with issues involved in sample size re-estimation and situations in which they may not be suitable, for example if the recruitment process is particularly complex.
Changing the clinically relevant effect
The CRE is the effect that the trial is powered to detect. In some cases it represents the size of the intervention effect which would be important enough to make an impact in the clinical setting. In other cases any improvement at all may be of interest. The CRE is specified in advance in order to compute a sample size. Due to the difficulty of anticipating the impact of a telehealth system, the effect of the telehealth intervention observed at the interim may be far from what was expected.
In this case there would be little point in continuing with the trial as it was originally planned, as the trial was powered to find a different effect. Instead, a more realistic CRE should be chosen. Then a sample size review may be carried out, incorporating this new value. The remaining recruitment would be adjusted to achieve the new sample size. Subsequent analysis of the study may need to be adapted in order to deal with the possible effects of observing the intervention effect at the interim, such as an inflated type I error rate and biased intervention effect. Such effects are discussed in a paper by Hung et al. [15] , which centres on the situation where the treatment effect observed at an interim stage is far off target in terms of the original estimate. They discuss several ways in which statistical inference may be adjusted following a change in the clinically relevant effect.
Multiple endpoints
A complex telehealth system may involve several interacting components and is likely to impact on more than one aspect of health care. For example, the Whole Systems Demonstrator study [16] is a large randomised controlled trial to investigate a telehealth device for monitoring symptoms of patients with chronic diseases and offering them advice to manage their own health. The study aims to evaluate various endpoints, including health service utilisation, cost of care, symptom reduction, quality of life and well-being of the patient, and burden on care-provider. In such a range of endpoints it may be difficult to choose the primary endpoint of interest. If it became apparent in a study, that the intervention was not affecting the primary endpoint, but was having a greater effect on a secondary endpoint, it may be desirable to change the endpoint of interest entirely.
Changing the endpoint of interest
Changing the endpoint, i.e. changing the study hypothesis, at an interim stage of the study carries some risk. Observing the intervention effect at this stage can introduce bias into the later results of the study, multiple testing may inflate the type I error and the flexibility of being able to change the endpoint means failing trials could be manipulated into becoming successful [17] . However, with careful planning and design these risks may be minimised. Changing the hypothesis has the potential to gain more meaningful data about the intervention being studied, rather than continuing the study with the same endpoint, which may be wasteful and non-informative. Several procedures to handle bias and control of type I error rate are discussed in a paper by Hommel [18] .
Alternatively, the study may plan to assess more than one endpoint from the beginning. Previous reviews recommend that telehealth trials look at the impact of telehealth on a broad range of areas. Therefore, a well-designed telehealth trial will almost certainly involve multiple endpoints. When conducting a trial that assesses multiple endpoints of equal importance, it is important to control the type I error rate whilst testing multiple hypotheses.
Cluster randomisation
Cluster randomisation is sometimes chosen for evaluating telehealth, such as in the Whole Systems Demonstrator study [16] . This is because often the telehealth intervention involves implementing an entire system of changes, and this is much easier to do across a whole health unit rather than attempting to expose particular individuals. Adaptive methods will have to take into account characteristics of clusters, such as withinand between-cluster variability and randomness in cluster size.
Sample size review for cluster randomised trials
Lake et al. propose methodology to allow a sample size review to take place in a cluster randomised trial [19] . Planning the sample size for a cluster randomised trial requires reliable estimates of withinand between-cluster variability and variability in cluster size. These estimates are difficult to estimate in advance as it is unlikely that previous studies will exist that examined the same clusters. A solution to this is to conduct a sample size review at the interim, as discussed in a previous section. Lake et al's approach is particularly suited to trials where the cluster sizes are small, e.g. family units, and where recruitment will take place over an extended length of time.
The telehealth setting is more likely to have larger sizes of clusters, e.g. GP practices. Extra consideration may need to be given to whether a multi-stage study would be appropriate in this case.
Efficiency and ethics
Efficiency is important in telehealth trials because of the cost involved in evaluating a telehealth system. It is also important that trials are conducted in the best interest of the patient, i.e. ethically. As in drug studies, it would be unethical to continue with a treatment that is having adverse effects, or to deny control participants a treatment that was showing a clear benefit. Several design options are available that are ethical and aim to increase efficiency.
Group sequential design
A group sequential design includes one or more interim analyses which offer the opportunity of stopping the trial early, either because the intervention has already been shown to work (stopping for efficacy), or because the evidence suggests the intervention does not work (stopping for futility). Stopping rules are derived for each interim, in which a test statistic beyond a specified level means there is already significant evidence of an effect and recruitment to the study does not need to continue. Likewise, if the effect is negative and falls below a specified threshold then there is significant evidence that the intervention does not work and the trial must stop. Otherwise, the trial continues until the next interim, in which the decision will be made again using more data. The main advantage of such a trial is that the expected sample size is generally smaller and so is less costly on average. It is also, arguably, the more ethical option, because if the intervention is unsuccessful then fewer patients have been exposed to it, and if the intervention is successful, then the trial ends sooner and the patients on standard treatment can be switched to the superior treatment. The stopping rules are essentially boundaries with which the observed intervention effect is compared at each interim analysis. Research into various types of stopping rule has been on-going for many years. Stopping rules and general methodology of group sequential trials are thoroughly explored in books by Jennison and Turnball and by Whitehead [20, 21] . Examples of common designs are illustrated in Fig. 1 , in which the boundaries indicate where interim test statistics must fall in order for the study to be stopped with sufficient evidence. Panel A of Fig. 1 shows a design by O'Brien and Fleming [22] . Its shape has the advantage of allowing early stopping when initial results are extreme. Panel B of Fig. 1 shows the triangular design by Whitehead and Stratton [23] . The shape of this design is suited for studies in which it is not expected that the trial will stop for futility, but rather it is more important to allow stopping for efficacy. This may be suitable for evaluating telehealth interventions in which causing harm is not reasonably expected. Such an intervention could be one in which the telehealth programme involves additional monitoring on top of usual care. For a more experimental telehealth programme that replaces usual care, a group sequential design would need to allow for the intervention being harmful, and thus have suitable futility boundaries.
More recently, Wason et al. [24] showed that efficiency of multi-stage trials could be further enhanced. Their paper aims to minimise the maximum expected sample size of the overall study.
Multi-arm multi-stage design
The complex nature of telehealth interventions means that there could be many design or implementation possibilities. It may be useful to evaluate several versions of a telehealth intervention at the same time. In fact, this could be more useful than a comparison between a single telehealth programme and usual care as it may already be fair to anticipate that a telehealth programme that involves extra patient monitoring will lead to better outcomes than usual care. It is sensible, then, to search for the best telehealth programme among a number of options. An adaptive trial that is suitable for this situation is a multi-arm, multi-stage trial. The multi-arm feature means that patients are allocated to a control group or one of a number of interventions. Compared to carrying out separate two-arm trials to evaluate each intervention, this has the advantage of increased efficiency as only one control group is required. The multiple stages allow interim analyses to take place, after which decisions can be made on how the study should proceed. These decisions could be: (1) to drop arms for futility, or stop early for efficacy if an effective treatment is found, as in group sequential designs; (2) to drop the intervention that is performing the worst; a so-called drop-the-loser design, or; (3) change the allocation ratio for randomisation so that more patients are allocated to the best performing interventions, known as adaptive randomisation. These three approaches are discussed further in an article by Wason [8] .
In the case of the telehealth intervention being expensive compared to the control, further savings could be made by changing the allocation ratio such that a higher proportion of patients is recruited to the control group, compared to each of the telehealth intervention groups. This may be done whilst maintaining the level of statistical power [25].
Seamless phase II/III designs
Drug treatments go through several stages of development, known as phases. After evaluating safety in a small phase I study, a trial is carried out to see if the drug is effective (phase II), often by evaluating a short-term endpoint related to survival. This is followed by a larger trial to confirm efficacy (phase III). Phase III trials are generally more expensive than phase II and so there should be reasonable evidence from phase II before the drug progresses to phase III. Each trial is independent, i.e. it does not use the data observed in the previous trial. It would be more efficient to make use of the data collected in the early stages, in later trials. A seamless phase II/III design aims to carry out one uninterrupted study that incorporates the exploratory aspects of a phase II trial and the confirmatory aspects of a phase III trial [26] . The study would contain a planned interim analysis where a decision is made as to whether the treatment should continue into the next stage of the study, or, if multiple treatments are being studied, which treatment should progress further. In other words, results observed during the phase II stage can be used to shape the design of the phase III stage. Although telehealth technology does not have the formal development process that drug treatments have, the principles of a seamless phase II/III design could be applied in relevant contexts to add efficiency to the evaluation of telehealth. For example, if we liken pilot studies and subsequent, substantive telehealth studies to phases II and III, then it becomes clear to see that the same approach could explore the potential of several options of telehealth programme in the beginning of a trial, and then take the most promising programme forward for the remainder of the trial, following an interim analysis. This has the advantage of requiring fewer patients and taking less time than two separate trials. This is very similar to the multiarm multi-stage design discussed in the previous section, in which decisions can be made about several interventions at the interim.
Fig. 1 -Examples of stopping rule designs for group sequential trials. The dashed lines show the boundaries of the stopping rules. If the test statistic in each interim analysis falls within the boundaries, the study proceeds to the next analysis.
If the test statistic falls outside the boundaries then the trial is stopped.
Compliance and usability
Reviews on telehealth often recommend studying compliance to and usability of telehealth programmes, reasoning that the success of the telehealth intervention is just as dependent on these factors as on clinical benefit [27] . Non-compliance may arise if the telehealth programme is too demanding or timeconsuming [28] . It may also arise because of poor usability. For example, Johnston et al. [29] point out that an intervention that relies on the computer literacy of the user may not be suitable for groups such as the elderly, who are less likely to have these skills.
Evaluating clinical outcomes of telehealth whilst not being aware of the compliance rate among the patients may lead to a biased estimate of the intervention effect. Non-compliance could also reduce the power of the study, as there are less people representing the intervention group. Adaptive approaches to trial design may help address these issues whilst at the same time evaluating effectiveness for clinical outcomes.
Multi-arm multi-stage, or seamless phase II/II designs
These designs could be useful for telehealth systems for which there is uncertainty about how well patients will adhere to the intervention. Several versions of the intervention may be evaluated in the first stage of the trial, in terms of patient compliance. The best performing interventions may be taken forward to the next stage, where their clinical efficacy is evaluated. The rationale is that there is little point in trying to evaluate clinical efficacy if the patients are not complying with the intervention, perhaps because of usability issues or because it is too demanding. To our knowledge, no one has yet considered a trial design which incorporates both noncompliance, in an exploratory stage, and clinical efficacy in later stages. A trial that achieves this may be particularly useful for evaluating telehealth and should be researched further.
Heterogeneity among responses to telehealth
Another issue discussed in the telehealth literature is that of heterogeneity of the intervention effect, across subgroups of patients. Reviews reported a lack of knowledge about why patients can respond differently to the same intervention. Sometimes this is a compliance issue. For example Azar et al. [30] discuss how the success of a telemonitoring programme in diabetics was partly dependent on the personal motivation of the participants to adhere to the programme requirements. The subjective nature of this heterogeneity could be difficult to address. In other trials, however, the source of the heterogeneity may be less subjective. For example, Bewick et al. [31] showed that web-based interventions designed to reduce alcohol consumption had varying effect sizes depending on the level of alcohol consumption at baseline. Some interventions only became effective beyond a certain level of alcohol use. Gathering information on which subgroups will experience a treatment benefit is useful for both running a trial and implementing the system in practice. In a trial, including participants in whom the intervention is not likely to work weakens the effect to be evaluated. Instead, trials could target the subgroup of patients in whom the intervention is likely to work. Trials which do this are called enrichment trials, as the recruitment is designed to enhance the chances of finding a significant intervention effect. Enrichment trials are risky when information on which subgroups are likely to respond well is unreliable. For example, it may be that the intervention works in a larger than anticipated group of patients. To address this problem, an adaptive enrichment trial may be more suitable.
Adaptive enrichment design
An adaptive enrichment trial aims to gain information about which patients respond well in the initial stage of the trial, and then uses this information during the recruitment for the later stage of the trial [32] . At an interim analysis, the adaptive enrichment trial may change the inclusion/exclusion criteria of its participants. The first stage of the trial will require the collection of information that is potentially useful in indicating the probability of success of the intervention. In drug trials, this usually involves the measurement of biomarkers related to the effects of the drug. In telehealth trials, a problem may lie in deciding which variables should be measured, i.e. deciding which variables are potentially predictive of a successful response to the intervention. Fig. 2 illustrates the concept of an adaptive enrichment design. It is based on a scenario in which prior to the study it is suspected that a particular biomarker will be associated with response to the intervention. We will define the participants as "biomarker-positive" or "biomarkernegative", but designs in the continuous biomarker case are also possible. Initial recruitment to the study is open to all participants. After a follow-up period an interim analysis takes place, in which the response to the intervention is compared in the two groups of participants. If there is an indication that the intervention works in all patients, the trial continues to recruit all patients. Otherwise, recruitment may be restricted to one of the subgroups, or the trial may be terminated for futility. These scenarios are numbered one to three in Fig. 2 . The figure demonstrates when the study continues with the same recruitment strategy (scenario 1), when it continues with restricted recruitment (scenario 2) and when it must be stopped due to a lack of success (scenario 3). We can relate Fig. 2 back to Bewick et al's alcohol use study described earlier [31] . An adaptive enrichment approach to their trial may have revealed the difference in successful intervention between those with high alcohol consumption and those with low alcohol consumption. The remainder of the study could then have focussed on the more responsive subgroup, to obtain evidence for the intervention more efficiently.
The importance of targeting appropriate patients was discussed in a qualitative study of the Whole System Demonstrator trial. The Whole Systems Demonstrator trial evaluated a telehealth service for chronic disease sufferers, enabling them to take measurements of their symptoms, which would be monitored remotely by healthcare staff. The qualitative study, by Sanders et al. [33] , conducted interviews with individuals who had declined to participate in the Whole System Demonstrator study, or who had withdrawn after the study began. Sanders et al. revealed several common reasons for non-participation in those interviewed, including: belief that they would have difficulty using the technology; negatively associating telehealth with a lack of independence; the feeling that the frequent use of the telehealth service would make their illness seem too present in their lives; not wanting to interfere with existing services, which they felt comfortable with, and; the pressure of having to take their own measurements every day. Anticipating non-participation for these reasons, in the same way we have described in the adaptive enrichment design in Fig. 1 , may not be possible unless there are baseline covariates that are suitably predictive. Nonetheless the presence of such patients in a study is important as it may skew the effect of telehealth on clinical outcomes. If enrichment designs could not be applied, several versions of a telehealth system could be evaluated in the first stage of a multi-arm multi-stage trial, as described in the previous section on compliance. Whatever is most successful in terms of compliance or satisfaction may be taken forward for further study, to examine its clinical benefits.
9.
Monitoring data to predict adverse events One innovative type of telehealth involves frequent and regular monitoring of patient symptoms, with the aim of predicting an adverse event in that patient. For example, the system could be designed to measure a continuous variable and if the variable crosses a pre-specified threshold then this indicates an increased likelihood of an adverse event. The measurement could also be a risk score, computed via the combination of several variables. In either case, once the monitored data indicates high risk of an adverse event, care-providers will respond to the patient. For example, the telehealth system in the Whole Systems Demonstrator study contains an alert system of several levels, which indicates to the healthcare staff what action they should take to deal with the reported symptoms. The purpose of such systems is usually to reduce the number of hospital admissions that may result when adverse events are not dealt with immediately. Deciding when alerts should be made may be difficult. Having too high a threshold may miss patients who genuinely require attention, whereas too low a threshold could result in saturating the health care services with patients whose needs were not urgent. The alert system could be seen as a kind of diagnostic test, aiming to identify people who require admission to hospital. In this case, the aim of a trial would be to assess whether the system correctly identified patients who required an admission to hospital.
Group sequential designs for diagnostic tests
These trials are the same as the group sequential trials described in an earlier section. One or more interim analyses take place to allow the opportunity to stop early if there is already evidence to demonstrate an effect or lack of effect. With diagnostic tests, the intervention effect to be tested will be related to the sensitivity and specificity of the prediction system, e.g. area under the ROC curve (AUROC). Methodology for this case is demonstrated in a paper by Mazumdar and Liu [34] .
It may be the case that the outcome being predicted by the telehealth device is prevented through appropriate action taken by healthcare providers. In this situation, it would not be possible to determine whether the patient would have definitely experienced that outcome. Without being able to define the true status of the patient, measures of specificity and sensitivity cannot be computed and so diagnostic methods are irrelevant. Instead, a trial may look at the impact of the prognostic telehealth device on healthcare utilisation, such as number of hospital admissions. Group sequential trials may still be applied, where at each interim the decision can be made as to whether there is evidence for a clinically relevant difference in hospital admissions between the telehealth and control arms.
Adaptive enrichment design
As evaluation of telehealth technology can be expensive, it may not be cost-effective in a study regarding adverse events to include participants who are very unlikely to experience such an event. An adaptive enrichment study may be useful to discover the high-risk individuals and use this information to restrict the inclusion criteria to the high-risk individuals for the remainder of the trial. The same methods discussed in the previous section may be applied in this context.
Discussion
We have discussed ways in which adaptive designs have the potential to increase the accuracy and efficiency of telehealth trials. Adopting these approaches may strengthen the evidence to justify implementation of a telehealth system. Benefits over a standard, non-adaptive trial include: better estimation of the parameters required to adequately power the study; flexibility to change the study hypothesis if the impact from telehealth is not as expected; increased efficiency due to the option of stopping early if sufficient evidence has been obtained, and; the ability to evaluate several interventions at once and choose which ones should be studied further. More accurate evaluation could avoid inconsistencies across trials, as in some of the current literature.
We have described characteristics of telehealth which make it a promising area for utilising adaptive designs. Firstly, the complexity of telehealth interventions and their interaction with multiple endpoints calls for a non-standard approach. Secondly, multiple elements of the telehealth programme, along with varying conditions between health care sites, means that there may be more than one option for how telehealth is implemented, in terms of staff roles, organisation of data monitoring and adjustments to existing care procedures. In a telehealth edition of the Health Service Journal supplement, the Department of Health discusses the necessity of an overall service re-design alongside the addition of telehealth [35] . Adaptive, multi-arm trials could help choose between implementation options. Thirdly, anticipating the impact of a telehealth system may be difficult. Feedback during a trial could lead to the desire to make changes, which would be problematic if the study protocol did not make provisions for changes. This was an issue in the Whole System Demonstrator trial, after which an organisational analysis discussed the frustration of gaining important knowledge about service integration throughout the trial but not being able to take action until the trial was completed [36] . Use of adaptive designs could allow flexibility to make changes to the trial, provided that the possibility of changes was thoroughly considered at the design stage. Lastly, the quality of existing telehealth studies in the literature has been called into question in several recent reviews. Adaptive designs offer efficient ways to obtain evidence more rigorously.
However, there will be some types of telehealth intervention which have characteristics unsuited to an adaptive design. For example, if long-term endpoints are of interest, and there is no short-term endpoint that is informative, then adaptive designs that try to achieve a lower expected sample size will do little to add efficiency. This is because such a trial offers the opportunity to stop early and avoid further recruitment to the trial. But by the time a longterm endpoint is observed, the majority of the planned sample size is likely to have been recruited already and so there is little opportunity to make changes in the interim. There are non-adaptive methods we have discussed, such as a multi-arm trial without multiple stages, which may still add efficiency over a standard parallel group design.
In all of the design options described in this paper, special considerations may need to be given to particular characteristics of telehealth studies. For example, a group sequential design could be chosen in order to provide the opportunity of stopping early, but it is likely that the telehealth intervention will involve other factors to be addressed, such as patient compliance, multiple endpoints or cluster randomisation. Consequently, the best approach could be a combination of several types of design described in this paper. This may require methodological adjustments of the single approaches.
The main challenge in using adaptive trials for the evaluation of telehealth interventions is the added complexity to the design and analysis process. One example is the stringent need to maintain the type I error rate. This could act as a deterrent to proponents of telehealth who are not confident with the statistical methodology. The potential advantages, however, are evident when considering the criticisms of previous trials. The fact that so many reviews have commented on the lack of consistent evidence justifies a more rigorous approach being considered, regardless of its complexity. Further, regulators look favourably on the merits of adaptive designs, and the Food and Drug Administration (FDA) have prepared specific guidelines to assist researchers in planning such studies [37] . Even so, a necessary aspect of choosing adaptive designs over more standard designs will be the inclusion of a statistical expert alongside the investigators. Furthermore, members of review boards and data monitoring committees will need to have sufficient knowledge of the adaptive design being used in order to make informed decisions on the ethics of the study. This is out of the hands of the investigator; we can only hope that continued education and discussion such as in this paper will increase the awareness of adaptive designs among members of research committees. Provided that review board members consist of members who are acquainted with the methodology, the monitoring of an adaptive design will often be more straightforward compared to a standard trial. This is because potential changes to the trial -for example, sample size recalculations, changes in recruitment criteriawill have been incorporated into the design stage of the study and will have pre-specified decision rules. When the trial is approved, the potential changes are also approved, such that if it is decided that the changes should be carried out at the interim, these modifications do not need to be sent for review again. Of course, this will be true only for the changes that have been pre-specified. It may be the case that unforeseen modifications are required, as in a standard, non-adaptive study.
The FDA is also positive regarding Bayesian approaches to evaluation of interventions. Although they have not been discussed in this paper, Bayesian methods have the advantage of incorporating prior knowledge into the design and analysis of trials. As discussed, such prior knowledge is often absent for telehealth technologies, but there could still be a place for Bayesian approaches in the adaptive designs we have described, as they accumulate information throughout the study. For many of our suggested designs, the addition of Bayesian features has been proposed in the literature and so there is potential to explore the use of Bayesian methods in telehealth studies.
Conclusion
Previous methodological approaches to the evaluation of telehealth interventions have contributed to inconsistent evidence in the literature. We suggest approaching telehealth trial design with an adaptive framework. Although this will likely involve further research into modifying current drugbased trial designs, the added flexibility of adaptive trials has the potential to produce more accurate and efficient studies, with clearer evidence to support decisions for implementation.
Summary points
What was already known on this topic:
• Telehealth programmes have the potential to add efficiency to the provision of healthcare and improve patient outcomes through increased monitoring of symptoms and self-management of health. • Supporting the implementation of telehealth interventions on a large scale is difficult due to inconsistent evidence across studies.
What this study added to our knowledge:
• No investigator of telehealth has yet carried out an adaptive trial design for the evaluation of a telehealth intervention.
• Adaptive trial designs such as sample size reestimation, group sequential designs, adaptive enrichment designs, and multi-arm multi-stage designs, may be useful in telehealth trials. • Adaptive designs could improve the efficiency, costeffectiveness, accuracy and flexibility of telehealth trials. • Characteristics of telehealth interventions, such as their impact on a range of endpoints, the lack of prior information about a new telehealth programme, and the heterogeneity in patient response, make them suitable for an adaptive approach to evaluation.
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